INTRODUCTION
Matrix metalloproteinases (MMPs) share a conservative metal binding sequence of HEXGHXXGXXHS and a turn containing methionine (1) . Evidence suggests that MMPs may play important roles in extracellular matrix (ECM) remodeling in physiological processes (2, 3) .
Excessive breakdown of the ECM by MMPs is observed in pathological conditions, including periodontitis, rheumatoid arthritis, and osteoarthritis. MMPs also participate in tumor cell invasion and metastasis by degrading the basement membrane and other ECM components and allowing the cancer cells to gain access to blood and lymphatic vessels (4) . Analyses of a large number of peptide and protein substrates and more recent work with phage display and synthetic peptide libraries have led to the identification of consensus cleavage site motifs for a number of different MMPs (5) (6) (7) (8) (9) (10) (11) (12) (13) . The substrate specificities of MMPs are quite similar to each other, showing strong preferences for hydrophobic residues at P1′. Although distinct MMPs often prefer the same type of amino acid residues at corresponding positions surrounding the cleavage site, differences in the orders of preference for specific residues at each position may more precisely determine MMP specificity for substrates. 6 were isolated and purified using B-PER TM bacterial protein extraction reagent according to the manufacturer's instructions. The insoluble protein was dissolved in 8 M urea to about 5 mg/ml.
The protein solution was diluted to ~100 µg/ml in 8 M urea and 10 mM DTT for 1 hour, dialyzed in 4 M urea, 1 mM DTT, 50 mM HEPES or Tricine, at pH 7.5 for at least 1 hour, then folded by dialysis in buffer containing 50 mM HEPES or Tricine, 0.2 M NaCl, 10 mM CaCl 2 , 20 µM ZnSO 4 , 0.01% Brij-35, pH 7.5 for 16 hours. To enhance the activity of MMP-26, the folded enzyme was dialyzed twice for 24 hours at 4°C in the folding buffer without Zn 2+ ion. The total enzyme concentration was measured by UV absorption using ε 280 = 57130 M -1 cm -1 , which was calculated by Genetics Computer Group software.
Peptide library methods-The methods were performed as described previously (12) . In brief, to determine the specificity for the primed positions (18) , an amino-terminally acetylated dodecamer peptide mixture (1 mM) consisting of a roughly equimolar mixture of the 19 naturally occurring L-amino acids, excluding cysteine, at each site was incubated with MMP-26 in 50 mM HEPES, pH 7.4, 200 mM NaCl, 5 mM CaCl 2 at 37°C until 5 to 10% of the peptides were
digested. An aliquot (10 µL) of the mixture was subjected to automated amino-terminal peptide sequencing. The data in each sequencing cycle was normalized to the total molar amount of amino acids in that cycle so that a value of 1 indicates the average value. Undigested peptides and the amino-terminal fragments of digested peptides are amino-terminally blocked and therefore do not contribute to the sequenced pool. 
RESULTS

Substrate specificities of MMP-26-
The substrate specificity of MMP-26 was investigated using a recently described peptide library method (12) . Data are shown in figure 1.
The residues preferred at each site from P4 to P4′ are summarized in table I. The strongest selectivity was seen at the P1′ site, where large hydrophobic residues were preferred. Small residues, alanine and serine, were preferred at the P3′ site. Although P2′ and P4′ displayed indistinct specificity compared to the P1′ site, lack of a preference for a basic residue (R or K) at the P2′ site was unique to MMP-26 (Table I) . Among the unprimed positions, the P3 site showed the highest selectivity preferring proline and valine. The P1 site was not as selective as the P3 site, though small residues, such as serine, were preferred. MMP-26's preference for proline at P3, hydrophobic residues at P2 and P1′ sites and serine at P1 is similar to that of other MMPs (5) (6) (7) (8) (9) (10) (11) (12) (13) ) as stromelysin-3 (MMP-11), which produces an inactive 9 kDa fragment (32) .
DISCUSSION
The results obtained from peptide library studies indicate that MMP-26 substrate specificities are similar to those of other MMPs, where hydrophobic residues are preferred at P1′and P2, proline at P3, and serine at P1. The optimal cleavage motifs/consensus peptide sequences for MMP-26 were Lys-Pro-Ile/Leu-Ser (P1)-Leu/Met (P1′)-Ile/Thr-Ser/Ala-Ser (Table   I) , which are not identical to those of MMP-1, -2, -3, -7, -9, and -14 (12) . Based on this sequence specificity knowledge, new fluorescence resonance energy transfer substrates more specific for MMP-26 will be designed and developed. These data may provide critical information applicable to the design of new MMP-26 specific inhibitors and to the identification of novel physiological and pathological substrates of MMP-26 in vivo.
Inhibition constants of four synthetic inhibitors with MMP-26 were comparable to those with gelatinases and collagenases, the enzymes for which the inhibitors were designed. This The folding topology of the protein may be a contributing factor to the enzyme-substrate interactions. Though the protein cleavage site may not be the optimal sequence, the peptide chain might assume a conformation easily accessible to a protease active site, for example an exposed loop is found in the bait region of α 2 -macroglobulin (33) and the reactive loop of α 1 -PI (34).
Alternatively, cleavage of a suboptimal site may be promoted by recruitment to the enzyme via a substrate-binding exosite. In addition, the presence of unfavorable residues around the cleavage site may slow down the rate of digestion by a protease, regulating the degradation process. closely to the consensus sequences of peptide substrates for MMP-26 determined by the peptide library studies-proline at P3, a hydrophobic residue at P2, P1′ and P2′, and small residues at P3′-except that serine is preferred at P1 and P4′, Lys is preferred at P4, but a basic residue is not preferred at P2′. The best substrate tested for MMP-26 was peptide V, Mca-Pro-Leu-AlaNva-Dpa-Ala-Arg-NH 2. This peptide appears to be very close to optimal sequences determined by the peptide library studies; there is a selected residue at essentially every position (see Figure   1 and Table I ), except that the peptide libraries do not have Nva at P1'.
MMP
The cleavage sites in the protein substrates tested do not match exactly the optimal motifs identified by the peptide library approach; however, upon close examination of the protein cleavage site data presented in Table III , it seems that the amino acid residues at P1 and P4' are less selective, this is in good agreement with the peptide library data. Furthermore, P1' is more selective and Leu, Met, Ile are preferred at P1' (Figure 1 ). This is consistent with the protein cleavage site data shown in Table III , in which seven of the eleven residues (64%) at P1' are these residues. Moreover, two Lys residues are found at the P4 and two Ser residues are found at P4' of the protein cleavage sites, which is also unique to MMP-26 according to the library data.
The relative rates of cleavage in the six fluorogenic substrates also correspond to the peptide library data relatively well. The best substrate is peptide V with a specificity constant of MMP-26 (13 µg/mL) mixture for one day (Lane 6) and two days (Lane 7) at room temperature, the C-terminal cleavage products were detected by silver staining a 15% SDS PAGE gel.
Samples containing α 1 -PI were overloaded to detect the bands around 4.5 kDa in Lane 6 and 7, which might be 4.8 and 4.2 kDa fragments produced by MMP-26 proteolysis of α 1 -PI. The two N-terminal sequences were deduced from the mass spectrometry results shown in figure 6 compared with the primary structure of human α 1 -PI. 
Quantities were determined from sequencing data as described for Figure 1 , and values ≥ 1.3 are listed. All primed sites were obtained using the library Ac-XXXXXXXXXXXX. MAXXXXXLRGAARE(K-biotin) and MGXXPXXLRGGGEE(K-biotin) were used to produce the data at the unprimed sites. b Data from (12) . A series of consensus peptides/optimal cleavage-site motifs were selected and listed for each MMP. c Data summarized from (12) . These listed residues were selected among amino acids that appeared at least in five of the six MMPs with values ≥ 1.3. 
